A simple direct fluorometric method for rapid identification of group A streptococci is described. The method permits the detection of the organism in mixed cultures without the aid of a microscope and is amenable to automated processing of specimens. Experience with the indirect fluorometric method revealed that nontrypsinized cells from a 10-fold dilution of overnight broth cultures could be stained with uniform brilliance with fluorescent antibody (1:15 dilution) and that fluorescent antibody dissociated from such cells at 55 C for 20 min gave serologically specific fluorometric values. With this information, it was possible to develop a simpler fluorometric test which gave results comparable to those obtained by conventional cultural-precipitin grouping techniques. In the direct test described, cultures from throat swabs were incubated overnight, and cells from a 10-fold dilution were stained with specific fluorescent antibody (1 :50 dilution) and then rinsed. The stained specimens were transferred to a continuous-filter paper strip (Whatman 3 MM) and read serially in a Turner 110 fluorometer with Corning 5840 and Wratten 2A filters in place. The reagents used required careful standardization and testing to assure that fluorometric readings above a specified value would be indicative of the presence of group A streptococci.
A simple direct fluorometric method for rapid identification of group A streptococci is described. The method permits the detection of the organism in mixed cultures without the aid of a microscope and is amenable to automated processing of specimens. Experience with the indirect fluorometric method revealed that nontrypsinized cells from a 10-fold dilution of overnight broth cultures could be stained with uniform brilliance with fluorescent antibody (1:15 dilution) and that fluorescent antibody dissociated from such cells at 55 C for 20 min gave serologically specific fluorometric values. With this information, it was possible to develop a simpler fluorometric test which gave results comparable to those obtained by conventional cultural-precipitin grouping techniques. In the direct test described, cultures from throat swabs were incubated overnight, and cells from a 10-fold dilution were stained with specific fluorescent antibody (1 :50 dilution) and then rinsed. The stained specimens were transferred to a continuous-filter paper strip (Whatman 3 MM) and read serially in a Turner 110 fluorometer with Corning 5840 and Wratten 2A filters in place. The reagents used required careful standardization and testing to assure that fluorometric readings above a specified value would be indicative of the presence of group A streptococci.
In many laboratories, fluorescent antibody (FA) is used as a screening device in the identification of group A streptococci. Several state health departments are now examining over 200,000 throat swabs a year for group A streptococci by FA. Because of this increasing work load in public health laboratories, the use of automated FA tests in the future seems to be indicated. A specific fluorescent reagent used in a quantitative electronic readout technique could provide accurate, reproducible identification of group A streptococci (by FA) without having to use the human eye for interpretation. An indirect fluorometric method, described by Hochberg et al. (2) , presented a possible means for identifying streptococci quantitatively without using a microscope. This method measures the FA dissociated from group A streptococci after staining. The present study was undertaken to define some of the conditions under which the Hochberg indirect fluorometric technique can be performed. The effects of the following conditions on the results of the technique were examined: cell concentration, volume and titer of FA reagent, nonspecific staining (NSS), trypsinization of specimen, and the dissociation of fluorescent reagent from the stained specimen. After defining these conditions, a technique which permits direct fluorometric readings of stained organisms on a paper matrix was developed. Results were obtained which demonstrate the feasibility of automating the latter technique.
MATERIALS AND METHODS
Fluorometric equipment. A Turner model 110 fluorometer, with a light source consisting of an ultraviolet lamp with major emission at 360 nm, was used. For duplicating Hochberg' Indirect fluorometric procedure. In preliminary experiments, the procedure described by Hochberg (2) was followed ( Fig. 1 Samples of the eluted conjugate were collected after 10, 20, and 30 min and read fluorometrically. Dissociation was enhanced as time and temperature were increased (Fig. 2) . Dissociation was markedly greater if carried out at 55 C than at 30 and 37 C, even for 20 min. Examination of smears after elution for as long as 2 hr at 55 C revealed that organisms remained brightly fluorescent; therefore, only partial elution of conjugate presumably had been accomplished. 0.1% trypsin in PBS (pH 8) and held 30 min at 37 C. The trypsinized cells, as well as the corresponding nontrypsinized cells, were centrifuged and stained with FA for 20 min at 37 C. The preparations then were treated according to the steps shown in Fig. 1 . The use of trypsinized cells did not appear to affect the specificity or sensitivity of the fluorometric reaction ( Table 2 ). The fluorometric units attributed to specific fluorescence in every case were well above the base line of 10 for group A streptococci and well below the base line when other strains of streptococci and staphylococci were tested. Microscopic examination of smears after staining with group A conjugate and rinsing corresponded with these observations.
Modified indirect fluorometric technique. Results obtained in the above experiments suggested the feasibility of modifying the Hochberg technique by (i) omitting the trypsinization of specimens and (ii) dissociating conjugate from stained cells at 55 C for 20 min. This procedure (Fig. 3) was evaluated with 280 unknowns in which pure cultures of 66 strains of groups A, C, and G streptococci and S. aureus were introduced. Group A was used in 216 of the unknowns and the other strains in 64 . Specimens were coded, tested, and results recorded without knowledge of their contents. Fluorometric readings were based upon values given in Fig. 4 Readings on the 12 remaining specimens containing group A were below 10. Of the 64 specimens that contained no group A, 46 gave readings below 10; readings from the 18 remaining specimens were 10 or above. Therefore, reporting of the presence or absence of group A streptococci was correct in 250 of the 280 unknowns tested. The accuracy of the modified indirect procedure was further determined with 85 cultures freshly isolated from throat swabs. These cultures included 52 strains of group A streptococci, 17 strains of groups B, C, and G streptococci, and 15 miscellaneous a or nonhemolytic streptococci. Cultures were coded and tested as described above. Forty-seven cultures were positive by both fluorometric and culture-precipitin tests, and 32 were negative by both tests-an agreement of 93% of the 85 cultures. In one case, the fluorometric reading was 10 when only a-streptococci were isolated by culture. In five cases, group A streptococci were not detected fluorometrically. The fluorometric readings were 9, 9, 8, 6, and 3, respectively. In the latter specimen, only one colony of group A streptococci was cultured. Based on an 0.05-level chi-square test, these differences between the two methods were not statistically significant.
Direct fluorometric technique. The feasibility of using a direct fluorometric procedure that would be more adaptable to automation than the indirect procedure was investigated. In its simplest form, the procedure consisted of staining the packed cells from a specimen in the test tube, rinsing, applying the stained organisms to a holding matrix, and taking a direct fluorometric reading of the stained material. The best reproducibility of results was obtained when Whatman 3 MM filter paper was used as a matrix for reading the specimens. Other materials tested included Whatman filter paper no. 1, 2, 4, 11, 41, and 42, cellulose acetate electrophoresis strips, filters (Millipore Corp., Bedford, Mass.), and Schleicher and Schuell filter paper no. 402 and T3402.
In carrying out the adopted procedure (Fig. 5) , a 10-fold dilution of broth cultures which had incubated 15 hr at 37 C was prepared in 0.01 M filtered PBS (pH 7.2) and centrifuged for 10 min at 3,000 rev/min.
The pellet of cells was suspended in 0.25 ml of group A streptococcus conjugate (1:50 dilution) held for 20 min at 37 C, and then centrifuged for 10 min at 3,000 rev/min. The supernatant fluid was discarded; the cells were suspended in PBS and then centrifuged again. An 0.02-ml amount of the packed cells was transferred to a designated spot on a strip of filter paper for reading in the fluorometer. The dimensions of the filter paper Pure cultures isolated from 48 throat cultures were tested in the direct fluorometric procedure without knowledge of their identity as determined by cultural methods. The collection included 39 strains of group A streptococci, 7 strains of groups C and G, and 2 strains of a-streptococci.
Thirty-five specimens were positive by both methods and six were negative by both. Four specimens were positive by culture but negative fluorometrically. Three non-group A strains (two group C, one group G) were positive fluorometrically. Based on an 0.05-level chisquare test, these differences were not statistically significant.
DISCUSSION
A fluorometric method was developed which permits identification of fluorescein-labeled group A streptococci by taking direct readings in a fluorometer and without the use of a microscope. The simplicity of the method appears to make it highly amenable to automation. Our experience with the indirect fluorometric method of Hochberg et al. (2) The manner in which the conjugate was prepared, treated to eliminate cross-reactions, and standardized undoubtedly was an important factor in assuring specificity.
Another important observation was that more efficient elution of conjugate from stained nontrypsinized cells occurred at temperatures as high as 55 C, as judged by fluorometry. Fluorescence microscopic examination of such cells after elution and washing, however, revealed that complete dissociation was never accomplished, since the organisms continued to exhibit 3 to 4 + fluorescence. Nevertheless, corresponding fluorometric values from the eluted conjugate were sufficiently high and the nonspecific fluorometric values sufficiently low that reliable specific fluorescence values could be obtained. These results further substantiate the validity of the Hochberg method as modified in the above manner.
By applying the observations obtained with the indirect technique, a more direct fluorometric procedure was developed. The feasibility of identifying FA-stained group A streptococci applied to filter paper strips by direct fluorometry was demonstrated. A more dilute conjugate (1 :50) could be used than with the indirect test which would be expected to permit greater specificity of the reaction as well as greater economy. Screening of various grades and kinds of matrices for implanting the stained bacteria, which would permit maximal specific and minimal nonspecific fluorescence, and consistent readings from area to area where replicates of samples were implanted were necessary before reproducibility could be demonstrated. Whatman 3 MM filter paper possessed these qualities.
From results obtained with pure cultures, it may be assumed that a high degree of specificity can be expected from the direct fluorometric procedure. Based upon the assumption that reactions can be obtained by both the direct fluorometric technique and the conventional culture-precipitin tests for group A streptococci, our preliminary comparison indicated that differences between the two tests were not statistically significant.
These results and those given in a separate report (Webb and Moody, submitted for publication) provide evidence for the feasibility of detecting group A streptococci from throat swabs by an automated fluorometric procedure.
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